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(57) ABSTRACT 
An improved transmission protocol is used to transmit a 
signal between two components of an electronic device. The 
improved transmission protocol is configured to reduce the 
number of simultaneous channel transitions that occur when 
multiple signal channels are transmitted in parallel. Reducing 
the number of simultaneous channel transitions is beneficial 
because a signal that is Subject to skew, distortion, or electro 
magnetic interference during transmission may have a shorter 
settling time when fewer channels undergo a transition simul 
taneously. When the protocol is used to transmit a signal from 
a controller to an optical pickup unit in an optical data storage 
system, the reduced settling times allow for a higher data 
transmission rate. 

15 Claims, 9 Drawing Sheets 
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1. 

SIGNAL TRANSMISSION BETWEEN A 
CONTROLLER AND AN OPTICAL PICKUP 

UNIT 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application claims priority under 35 U.S.C. S 119(e) to 
co-pending U.S. Provisional Application No. 61/433,163, 
entitled “Signal Transmission for Optical Pickup Unit, filed 
on Jan. 14, 2011, which is incorporated by reference in its 
entirety. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates generally to transmission of 

electronic signals between components of an electronic 
device, and more specifically to transmission of control sig 
nals between a controller and an optical pickup module in an 
optical data storage system. 

2. Description of the Related Art 
Optical data storage systems such as compact disc (CD) 

devices, Digital Video Disc (DVD) devices and Blu-ray Disc 
devices record to and read data from optical media. Figure 
(FIG. 1 is a schematic diagram illustrating components in a 
conventional optical data storage system 100. The example 
optical data storage system 100 of FIG. 1 includes a controller 
110, an optical pickup unit 120, an actuator unit 130, and a 
motor assembly 144. The controller 110 performs various 
signal processing (e.g., error correction, encoding and decod 
ing) and control functions for operating the optical data stor 
age system 100. The controller 110 is operatively connected 
to the optical pickup unit 120 via an interface 114 and is 
operatively connected to the actuator unit 130 via a different 
interface 118. The interfaces 114, 118 are used for commu 
nication between the controller 110 and the connected com 
ponents 120, 130 and may comprise multiple signal channels 
operating in parallel. 
The optical pickup unit 120 includes a laser source (e.g., a 

laser diode) and a module for driving the laser source. The 
laser source is used to emit a laser beam 122 onto an optical 
disc 140 that is rotated by the motor assembly 144. A con 
ventional optical pickup unit 120 has two different operating 
modes. In a write mode, the optical pickup unit 120 receives 
a control signal from the controller 110 over the interface 114 
and emits the beam 122 with an intensity that is determined by 
the control signal. In the write mode, the intensity of the beam 
122 is sufficient to form patterns on the tracks of the optical 
disc 140. The patterns represent data stored on the optical disc 
140 and can later be retrieved in a read mode. In the read 
mode, the optical pickup unit 120 emits the laser beam 122 
and uses a sensor to detectareflected version of the beam. The 
reflected version of the beam represents data that has been 
retrieved from the optical disc 140. The optical pickup unit 
120 sends the retrieved data to the controller 110 over the 
interface 114 for processing. 
The actuator 130 moves the optical pickup unit 120 in a 

radial direction relative to the optical disc 140 according to 
control signals received from the controller 110 via the sec 
ond interface 118. In this way, the optical pickup unit 120 can 
read or write data on different tracks of the optical disc 140. 

FIG. 2 is a block diagram illustrating an example of a 
conventional optical pickup unit 120. The optical pickup unit 
120 may include amplifiers 202A through 202C. Each of the 
amplifiers 202A through 202C is connected to a signal chan 
nel 114A through 114C in the interface 114 to amplify a 
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2 
control signal received over the interface 114. The amplified 
signals 203A through 203C are sent to current generators 210 
to generate output currents 212A, 212B, 212C. The compo 
nents of the control signal and the corresponding amplified 
signals are typically binary. In other words, each amplified 
signal has a value of Zero (0) or one (1). 
When an amplified signal 203 has a value of one (1), the 

corresponding current generator 210 is Switched on. Each 
current generator 210 may generate a different level of output 
current 212 when Switched on. For example, current genera 
tor 210A may generate an output current 212A of 20 milli 
amperes (mA), whereas current generator 210B may generate 
an output current 212B of 60 mA and current generator 210C 
may generate an output current 212C of 10 mA. When 
Switched off, no current is generated by the current generators 
210A through 210C. A current adder 214 adds the output 
currents 212 to generate a driver current 216 that is provided 
to a laser diode 218. The laser diode 218 outputs a laser beam 
122 of differing intensity based on the level of the driver 
current 216. As a result, the magnitude of driver current 216 
and the intensity of the laser beam 122 vary depending on 
which of the current generators 210A through 210C are 
turned on or off. 

FIG. 3 is a timing diagram of a driver current 216, the 
corresponding laser power level, and a corresponding control 
signal in a conventional data write scheme. A power level of 
the laser beam 122 is labeled with a pair of letters (e.g., PR, 
PF, PC, etc.), and each laser power level is generated by 
sending a different level of driver current 216 into the laser 
diode 218. A data write scheme is a sequence of power levels 
that is used to form a pattern on a track of the optical disc 140, 
thus writing data to the optical disc 140. In the data write 
scheme of FIG. 3, the level of the driver current 216 is varied 
to generate the following sequence of laser power levels: PR, 
PF, PC, PF, PB and PR. Each driver current level 216 is 
defined by a combination of active channels 114A through 
114C in the control signal. For example, only channel 114C is 
active for the driver current level 216 corresponding to PR 
whereas channels 114A through 114C are active for driver 
current level 216 for PF. In FIG.3, the Zeros (0) represent that 
a channel is inactive (i.e., turned off) whereas the ones (1) 
represent that a channel is active (i.e., turned on). An active 
channel causes the corresponding current generator 210 to be 
Switched on, thus generating the driver current 216. 
As illustrated in FIG. 3, the control signal transmitted over 

the interface 114 undergoes a series of transitions 300 (e.g., 
active to inactive state and inactive to active state) to change 
the driver current level 216. A signal sent over the channels 
114A through 114C may become skewed or distorted due to 
electronic noise, crosstalk, or electromagnetic interference 
(EMI). In particular, when one channel of the signal under 
goes a transition 300 from Zero to one or vice versa, the 
channel and the driver current 216 may take some length of 
time to settle, and this settling time may increase as the level 
of skew or distortion increases. In addition, the settling time 
for the driver current 216 may belonger when multiple chan 
nels of the signal undergo a transition simultaneously. For 
example, the transition 300C between the PC and PF current 
levels (e.g., when only one channel undergoes a transition) 
would have a shorter settling time than the transition 300D 
between the PF and PB current levels (e.g., when all three 
channels undergo a transition). To safeguard against errors 
that may occur during the longer settling times associated 
with simultaneous channel transitions, such as the transition 
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300D, the data transmission rate is decreased. This results in 
overall transmission inefficiency. 

SUMMARY OF THE INVENTION 

Embodiments relate to an improved transmission protocol 
that is used to transmit a signal between two components of an 
electronic device. The improved transmission protocol is con 
figured to reduce the number of simultaneous channel transi 
tions that occur when multiple signal channels are transmitted 
in parallel. When a signal is encoded and sent using the 
improved transfer protocol, the encoded signal is subject to 
shorter settling times after each transition because fewer 
channels are transitioned simultaneously. After the encoded 
signal is received at the destination component, a decoder is 
used to translate the encoded signal into a format that can be 
used to operate the destination component. As a result, it is 
possible to transmit the encoded signal at a higher data trans 
mission rate than a corresponding unencoded signal while 
still performing the same function as the unencoded signal. 

In one or more embodiments, a first component in an 
electronic device generates an unencoded signal consisting of 
a first sequence of bit patterns, and the transmission protocol 
is used to generate an encoded signal consisting of a second 
sequence of bit patterns. Each bit pattern in the second 
sequence is mapped to a corresponding bit pattern in the first 
sequence, but the transmission protocol is configured so that 
fewer bits are transitioned between consecutive bit patterns in 
the second sequence. In one embodiment, the transmission 
protocol may be configured so that at most one bit is transi 
tioned between consecutive bit patterns in the second 
sequence. The second sequence is then transmitted over a 
wired connection to a second component in the electronic 
device. Since signals transmitted over the wired connection 
may be subject to electronic noise, crosstalk, or electromag 
netic interference (EMI), there is a settling time after each 
transition between consecutive bit patterns in the second 
sequence. By using the transmission protocol to encode the 
second sequence, the settling time is reduced. 

After the second component receives the second sequence 
of bit patterns, the second component translates the second 
sequence into a third sequence of bit patterns that can be used 
to control operation of the second component. In one embodi 
ment, the second component of the electronic device is an 
optical pickup unit, and the third sequence of bit patterns 
controls the power level of a laser beam that is generated by a 
laser diode in the pickup unit. In this embodiment, the 
improved transmission protocol is used to reduce the number 
of simultaneous channel transitions in the signal that is sent to 
the optical pickup unit, which allows for a faster data trans 
mission rate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The teachings of the present invention can be readily 
understood by considering the following detailed description 
in conjunction with the accompanying drawings. 

FIG. 1 is a schematic diagram illustrating components in a 
conventional optical data storage system. 

FIG.2 is a block diagram illustrating a conventional optical 
pickup unit. 

FIG. 3 is a timing diagram of a control signal transmitted 
over an interface in a conventional data write scheme. 

FIG. 4 is a block diagram illustrating an optical pickup unit 
configured to receive a bus signal encoded with the improved 
transmission protocol, according to one embodiment. 
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4 
FIG. 5 is a block diagram illustrating a controller config 

ured to transmit a bus signal encoded with the improved 
transmission protocol, according to one embodiment. 

FIG. 6A is a table that illustrates relationships between bus 
signals, control signals, driver current levels, and laser power 
levels, according to one embodiment. 

FIG. 6B is a flow chart illustrating an example process for 
decoding a bus signal to generate the corresponding laser 
power level, according to one embodiment. 

FIGS. 7A through 7D are timing diagrams for data write 
schemes, according to one embodiment. 

FIG. 8 is a flow chart illustrating a process for using the 
improved transmission protocol to transmit a control signal 
from a controller to an optical pickup unit, according to one 
embodiment. 

FIG. 9 is a flow chart illustrating an example process for 
formulating the control signal to bus signal mapping that is 
used in the improved transmission protocol, according to one 
embodiment. 
The figures depict various embodiments of the present 

invention for the purposes of illustration only. One skilled in 
the art will readily recognize from the following discussion 
that alternative embodiments of the illustrated and described 
structures, methods, and functions may be employed without 
departing from the principles of the invention. 

DETAILED DESCRIPTION OF EMBODIMENTS 

The Figures (FIG.) and the following description relate to 
preferred embodiments of the present invention by way of 
illustration only. It should be noted that from the following 
discussion, alternative embodiments of the structures and 
methods disclosed herein will be readily recognized as viable 
alternatives that may be employed without departing from the 
principles of the claimed invention. 

Reference will now be made in detail to several embodi 
ments of the present invention(s), examples of which are 
illustrated in the accompanying figures. It is noted that wher 
ever practicable similar or like reference numbers may be 
used in the figures and may indicate similar or like function 
ality. 

Embodiments of the claimed invention establish an 
improved protocol for transmitting a signal over multiple 
signal channels between a controller and an optical pickup 
unit in an optical data storage system. The controller gener 
ates a bus signal and transmits the bus signal over a wired 
interface to the optical pickup unit. The bus signal consists of 
a sequence of bus bit patterns, and each bus bit pattern rep 
resents a power level of the laser beam. A signal decoder in the 
optical pickup unit receives the bus signal and transforms 
each bus bit pattern into a corresponding control bit pattern. 
The control bit pattern is then used as input for a series of 
current generators to generate a driver current that causes the 
laser diode to output a laser beam at the specified power level. 
In accordance with the improved protocol, there are fewer bit 
transitions between consecutive bit patterns in the bus signal 
than the corresponding bit patterns in the control signal. As a 
result, the settling time after each transition is shorter, and the 
data transmission rate can be increased. 

In addition to the signal decoder in the optical pickup unit, 
a signal encoder may be added to the controller to transform 
a sequence of control bit patterns generated the existing con 
troller logic into a corresponding sequence of bus bit patterns. 
Although not required, adding a signal encoder to the con 
troller allows the transmission protocol to be implemented 
with few modifications to the existing controller logic. 
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A signal channel, as used herein, refers to a communication 
channel that is used to transmit one bit of a digital signal. For 
example, a three-bit signal. Such as control signal received by 
the optical pickup unit in FIG. 2, is transmitted over three 
signal channels 114A, 114B, 114C of the interface 114. This 
allows the optical pickup unit to receive three bits of the 
control signal in parallel. 

Abit pattern, as used herein, refers to a series of bits that are 
transferred in parallel over multiple signal channels as com 
ponents of a signal. For example, the three-bit control signal 
shown in FIG. 3 has a bit pattern of one-one-one (111) 
between the transitions 300A and 300B (i.e., the bit pattern 
corresponding to a driver current level of PR). Further, a 
sequence of bit patterns refers to a series of bit patterns that 
are transmitted consecutively over the multiple signal chan 
nels. For example, a sequence of bit patterns consisting of 
001, 111,011, 111,000,000, and 001 is shown in FIG. 3. In 
this sequence, the first bit of each bit pattern is transmitted 
over a first signal channel 114A, the second bit is transmitted 
over a second signal channel 114B, and the third bit is trans 
mitted over a third signal channel 114C. 
A control signal, as used herein, refers to a signal that is 

used to control the intensity of the laser beam 122 in the 
optical pickup unit. A bit pattern for the control signal (re 
ferred to herein as a control bit pattern) determines which of 
the current generators in the optical pickup unit are to be 
active during a given cycle. As a result, the control signal 
directly determines the level of the driver current. 
As used herein, a bus signal refers to a signal that is trans 

mitted from the controller to the optical pickup unit. The bus 
signal is configured to reduce the number of signal channel 
transitions that occur simultaneously. As used herein, a bus bit 
pattern refers to a bit pattern for the bus signal. 
Overview of System Architecture 

FIG. 4 is a block diagram illustrating an optical pickup unit 
400 configured to receive a bus signal encoded with the 
improved transmission protocol, according to one embodi 
ment. The optical pickup unit 400 receives a bus signal over 
four signal channels of an interface 114A through 114D 
(hereinafter collectively referred to as the “interface 114) 
and outputs a laser beam 122 that may be used to read or write 
to an optical storage medium. The intensity of the laser beam 
122 varies based on the bus signal received over the interface 
114. The optical pickup unit 400 may include, among other 
components, a series of amplifiers 402A through 402D, a 
signal decoder 404 with a translation table 406, current gen 
erators 410A through 410D (hereinafter collectively referred 
to as the “current generators 410), a current adder 414, and a 
laser diode 418. 

Similar to the amplifiers 202 described with reference to 
FIG. 2, each of the amplifiers 402 shown in FIG. 4 are con 
nected to a signal channel of the interface 114 to amplify a 
channel of the bus signal received from the controller. The bus 
signal may be transmitted using transistor-to-transistor (TTL) 
signaling or differential signaling, such as low-voltage differ 
ential signaling (LVDS). Although a single line is shown for 
each of the signal channels of the interface 114, two signal 
lines may be provided for each signal channel to implement 
differential signaling. Unlike the control signal that is trans 
mitted to the conventional optical pickup unit 120 of FIG. 2, 
however, the activation status of the bus signal channels do 
not correspond directly to a combination of current genera 
tors 410 that are to be switched on to produce a driver current 
416. Instead, the amplified bus signals 403A through 403D 
(hereinafter referred to as the “amplified bus signals 403) are 
sent to the signal decoder 404 for conversion into control 
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6 
signals 408A through 408D (hereinafter collectively referred 
to as the “control signals 408) that can be sent to the current 
generators 410. 
The signal decoder 404 receives the amplified bus signals 

403 from the amplifiers 402 and transforms the sequence of 
bus bit patterns into a sequence of control bit patterns. The 
sequence of control bit patterns forms the control signals 408 
that are used to operate the current generators 410. To perform 
the conversion from bus bit pattern to control bit pattern, the 
signal decoder 404 may include a lookup table 406 that con 
tains mappings from bus bit patterns to corresponding control 
bit patterns. In one embodiment, the lookup table 406 may be 
programmable, so the mapping may be changed. In another 
embodiment, the lookup table may be hard-coded into the 
signal decoder, for example, as a truth table implemented 
with a series of logic gates. 
The signal decoder 404 may also be embodied as a separate 

hardware unit, integrated into an existing hardware unit at the 
optical pickup unit 400, or as a combination of hardware, 
firmware, and software. For example, the signal decoder 404 
may be implemented as an application-specific integrated 
circuit (ASIC) or a field-programmable gate array (FPGA) 
using methods well-known in the art. 
The mapping from bus bit patterns to control bit patterns 

implemented by the signal decoder 404 need not be a one-to 
one mapping. If the number of possible bus bit patterns is 
larger than the number of current levels, then multiple bus bit 
patterns may be mapped to the same control signal. For 
example, the bus signal in FIG. 4 is received over an interface 
114 that contains four signal channels, which means there are 
sixteen (16–2) possible bus bit patterns. If the data write 
schemes of the optical data storage system use a total of six 
different power levels, then six different control bit patterns 
are needed. As a result, it would be possible to map two or 
more bus bit patterns to the same control bit pattern. An 
example of this is shown in FIG. 6A. The ability to map 
multiple bus bit patterns to the same control bit pattern makes 
it easier to define a mapping in which only one bit of the bus 
signal changes between consecutive power levels in a set of 
data write schemes. 

Each of the current generators 410 receive one channel of 
the control signals 408 from the signal decoder 404 and 
generate an output current 412 in the same manner as the 
current generators 210 described with reference to FIG. 2. In 
one embodiment, the four current generators 410A, 410B, 
410C, 410D generate output currents 412A, 412B, 412C, 
412D of 10 mA, 20 mA, 30 mA, and 100 mA, respectively, 
when their respective input channels have a value of one (1). 
The current adder 414 receives the output currents 412 

from each of the current generators 410 and adds the output 
currents 412 to generate the driver current 416. In the embodi 
ment described above, the level of the driver current 416 may 
vary between 0 mA (control bit pattern of binary 0000) and 
160 mA (control bit pattern of binary 1111). The laser diode 
418 receives the driver current 416 and outputs a laser beam 
122 at a power level corresponding to the level of the driver 
current 416. 
A pair of letters may be used to notate a power level. In one 

embodiment, the power levels of the laser diode 418 are 
labeled PC, PB, PR, P1, PM, PF, PL, where PF and PL 
correspond to the same driver current and the same power. 
The correspondence between the level of the driver current 
416 and the power of the laser beam 122 is described below in 
detail with reference to FIGS. 6A and 6B. 

FIG. 5 is a block diagram illustrating a controller 500 
configured to transmit a bus signal encoded with the 
improved transmission protocol, according to one embodi 



US 8,462,025 B2 
7 

ment. The controller 500 outputs signals over the interfaces 
114 and 118 and may contain, among other components, the 
controller logic 502 and a signal encoder 506 with a transla 
tion table 508. 

The controller logic 502 performs functions such as signal 
processing (e.g., error correction, encoding and decoding) 
and controlling the operation of the optical pickup unit 400. 
The controller logic 502 generates and outputs control signals 
504A through 504D (hereinafter collectively referred to as 
the “control signals 504) for the optical pickup unit 400. The 
control signals 504 generated by the controller logic 502 may 
be the same as the control signals 408 used to control the 
current generators 410 in the optical pickup unit 400. In this 
case, a conventional controller 110 may be used as the con 
troller logic 502. Although the pickup unit control signal 504 
is shown in FIG. 5 as having four signal channels, the signal 
504 may have a different number of signal channels in other 
embodiments. The controller logic 502 also generates a sec 
ond control signal for the actuator, and the second control 
signal is sent to the actuator over a second interface 118 that 
may also be used to send data from the actuator back to the 
controller logic 502. 
The signal encoder 506 receives the pickup unit control 

signals 504 from the controller logic 502 and transforms the 
control signals 504 into a bus signal for transmission to the 
optical pickup unit 400 over the interface 114. To perform the 
transformation, the signal encoder 506 may include a lookup 
table 508 that contains mappings from control bit patterns to 
bus bit patterns. If a control bit pattern is mapped to multiple 
bus bit patterns, such as in the example described with refer 
ence to the signal decoder 404 in FIG. 4, then the signal 
encoder 506 may choose which bus bit pattern is to be used to 
represent the control bit pattern over the interface. In this 
case, the signal encoder 506 is typically configured to choose 
abus bit pattern that only results in a transition for one signal 
channel relative to the previous bus bit pattern. 
The signal encoder 506 may be integrated into the control 

ler logic 502, embodied as a separate hardware unit, or the 
functionality of the signal encoder 506 may be achieved 
through some combination of a separate hardware unit and 
the integrated functions of the controller logic 205. In addi 
tion, the signal encoder 506 may be embodied as a combina 
tion of hardware, firmware, and software. 

After generating the bus signal, the signal encoder 506 
transmits the bus signal over the interface 114 to the optical 
pickup unit 400. In addition to carrying the bus signal from 
the controller 500 to the pickup unit 400, the interface 114 is 
also capable of transmitting other data from the pickup unit 
400 to the controller 500. Although not illustrated, the inter 
face 114 may include additional channels to receive data, or 
data may be received over the four channels that are illus 
trated in FIG. 5 using methods well-known in the art (e.g., a 
multiplexer) to route the data directly to the controller logic 
502 without passing through the signal encoder 506. 

In alternative embodiments, the controller logic 502 may 
be configured to output the bus signal directly to the optical 
pickup unit 400 without generating a control signal 504 
beforehand. In this case, the signal encoder 506 may be omit 
ted. However, by including a signal encoder 506 in the con 
troller 500, the controller logic of a conventional controller 
may be adapted for use with the improved protocol with few, 
if any, modifications. In other words, by using a separate 
signal encoder 506 to transform the control signal 504 into the 
bus signal, the controller logic 502 may operate in the same 
way as a conventional controller 110 without any consider 
ation as to how the control signal 504 is transferred over the 
interface 114. Thus, the combination of the signal encoder 
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506 and the signal decoder 404 provide a transparent method 
of transmitting control signals over the interface 114 using the 
transmission protocol described herein. 
Mapping Bus Signals to Power Levels 

FIG. 6A is a table that illustrates an example of relation 
ships between bus signals 403, control signals 408, driver 
currents 416, and laser power levels 122, according to one 
embodiment. A crossed block in the second, third, and fourth 
columns of a row indicate that no laser power level 122 is 
mapped to the bus signal 403 in the first column. As described 
above with reference to FIG. 4, the signal decoder 404 
receives an amplified bus signal 403 and translates the bus 
signal 403 into a control signal 408. The control signal is used 
to control the current generators 410. In the embodiment of 
FIG. 6A, the most significant bit (i.e., the left-most bit) in the 
control signal 408 controls the 10 mA current generator 410A 
and the least significant bit (i.e., the right-most bit) controls 
the 100 mA current generator 410D. The current generators 
410 create a series of output currents 412 that the current 
adder 414 combines into the driver current 416, and the driver 
current 416 is sent to the laser diode 418 to generate a laser 
beam 122 at a specified power level. The relationships shown 
in FIG. 6A are merely illustrative. In other embodiments, bus 
signals may be mapped to different power levels 122, and the 
bus signal or control signal 408 may contain additional or 
fewer signal channels. 

FIG. 6B is a flow chart that illustrates an example process 
for converting the bus signal received over the interface 114 
into a power level of the laser beam 122. The amplifiers 402 
receive 600 a bus bit pattern over the interface 114 and gen 
erate an amplified bus bit pattern 403. The amplified bus bit 
pattern 403 is sent to the signal decoder 404, and the signal 
decoder 404 translates 605 the amplified bus bit pattern 403 
into a control bit pattern 408. For example, if the bus bit 
pattern was binary 1111, then the signal decoder 404 would 
output a control bit pattern 404 of binary 1100 according to 
the first row of the table shown in FIG. 6A. The signal decoder 
404 is used to translate the amplified bus bit pattern 403 into 
a corresponding control bit pattern 408 because the bus bit 
pattern differs from the control bit pattern. The bus bit pat 
terns are configured to reduce the number of bit transitions 
that occur between consecutive bus bit patterns, whereas the 
control bit patterns directly control the current generators 410 
that determine the power level of the laser beam. 

After the signal decoder 404 generates 610 a correspond 
ing control bit pattern 408 from the bus bit pattern 403, each 
signal channel of the control bit pattern 408 is used to control 
a corresponding current generator 410 to generate 610 a 
series of output currents 412. Continuing with the above 
example, a control bit pattern 404 of 1100 would send an 
input signal of one (1) to the first and second current genera 
tors 410A, 410B and an input signal of zero (0) to the third and 
fourth current generators 410C, 410D. As a result, the current 
generators 410A, 410B would output currents of 10 mA and 
20 mA, respectively, whereas the current generators 401C, 
410D would output currents of 0 m.A. 
The current adder 414 adds 615 the output currents 412 to 

create a driver current 416. For the example where the current 
adder 414 receives output currents 412 of 10 mA, 20 mA, 0 
mA, and 0 mA, the driver current 416 would be 30 mA, the 
sum of the output currents 412. The driver current 416 is 
routed to the laser diode 418, which causes the laser diode 418 
to emit 620 a laser beam 122 at a power level that corresponds 
to the level of the driver current 416. For example, the laser 
diode 418 emits a beam 122 at power level PB in response to 
a driver current 416 of 30 mA. 
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Examples of Data Write Schemes 
FIGS. 7A through 7D are example timing diagrams, one 

for each of the four data write schemes used in one embodi 
ment. As described with reference to FIG. 3, a data write 
scheme is a sequence of laser power levels 122 that is used to 
form a pattern on a track of an optical disc 140, thus writing 
data to the disc. FIG. 7A indicates a first write scheme where 
the power levels transition through the following sequence of 
power levels: PR, P1, PF, PC, PR, PR, P1, PF, PB, PL, PC and 
PR. The first write scheme is 12 cycles long, each power level 
persisting for a cycle T. Note that only one bit in the bus signal 
transitions for every power level transition. For example, 
during the first transition from PR (bus signal: 1000) to P1 
(bus signal: 1001), only the least significant bit of the bus 
changes from 0 to 1. For the second transition from P1 (bus 
signal: 1001) to PF (bus signal: 1011), only the third bit of the 
bus signal changes from 0 to 1. Similarly, only a single bit 
changes for all other transitions in the first write scheme of 
FIG. 7A. It is advantageous to configure the bus signal So that 
only a single bit changes during each transition between bit 
patterns because the overall settling time of the driver current 
416 and the laser power level 122 is shorter when fewer 
channels of the interface 114 transition simultaneously. As a 
result, the data transmission rate between the controller 110 
and the optical pickup unit 400 is no longer constrained by the 
longer settling times associated with multiple simultaneous 
channel transitions, and the write speed of the optical data 
storage system may be increased. 
As described above with reference to FIG. 4, the signal 

decoder 404 outputs a control bit pattern 408 corresponding 
to the bus bit pattern received over the interface 114. Taking 
the example of PR, the signal decoder 404 receives binary 
1000 as a bus bit pattern and outputs binary 1010 as a control 
bit pattern. In response, the first current generator 410A and 
the third current generator 410C are turned on. As the bus 
signal transitions from one bus bit pattern to another bus bit 
pattern, the signal decoder 404 also switches the control bit 
pattern 408 that controls the current generators 410. 

FIG. 7B indicates a second write scheme where the power 
levels transition through the following sequence of power 
levels: PR, P1, PF, PB, PM, PB, PL, PC and PR. The second 
write scheme is 9 cycles long, each power level persisting for 
a cycle T. Similar to the first write scheme, only a single bit in 
the bus signal changes for the transitions in the power level of 
the second write scheme. For example, the first transition 
from PR (bus signal: 0001) to P1 (bus signal: 1001) involves 
changing the most significant bit from 0 to 1. 

FIG. 7C indicates a third write scheme where the power 
levels transition through the following sequence of power 
levels: PR, P1, PF, PB, PM, PB, PM, PB, PL, PC and PR. The 
third write scheme is 11 cycles long, each power level per 
sisting for a cycle T. Similar to the first and second write 
schemes, a single bit changes for all transitions in the power 
level of the second write scheme. 

FIG. 7D indicates a fourth write scheme where the power 
levels transition through the following sequence of power 
levels: PR, P1, PF, PB, PM, PB, PM, PB, PM, PB, PL, PC and 
PR. The fourth write scheme is 13 cycles long, each power 
level persisting for a cycle T. Similar to the first, second and 
third write schemes, only a single bit of the bus signal changes 
for all transitions in the power level of the third write scheme. 
The four writing schemes described above with reference 

to FIGS. 7A through 7D are merely illustrative. More or fewer 
writing schemes may be employed in an optical data storage 
system. Moreover, a different number of power levels and a 
different sequence of power levels than those illustrated in 
FIGS. 7A through 7D may be implemented. 
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10 
Sending Control Signals Over the Improved Protocol 

FIG. 8 is a flow chart illustrating a process for using the 
improved transmission protocol to transmit a control signal 
from the controller 500 to the optical pickup unit 400, accord 
ing to one embodiment. The signal encoder 506 receives 800 
a control signal 504 from the controller logic 502 and gener 
ates 805 a bus signal by mapping the sequence of control bit 
patterns to a sequence of corresponding bus bit patterns. If 
there are any one-to-many mappings from a control bit pat 
tern to multiple bus bit patterns, then the signal encoder 506 
chooses abus bit pattern that causes the fewest signal channel 
transitions relative to the previous bus pattern. In one embodi 
ment, the mapping from control bit patterns to bus bit patterns 
is configured to ensure that there is only one channel transi 
tion between consecutive bus patterns in any data write 
scheme. The process described with reference to FIG.9 is one 
example method of configuring the mapping in this manner. 

After the signal encoder 506 generates 805 a bus signal, the 
bus signal is transmitted 810 to the optical pickup unit 400 
over the interface 114. Similar to the control signal described 
with reference to FIG.3, the bus signal may also be subject to 
electronic noise, crosstalk, or electromagnetic interference 
(EMI) when transmitted 810 over the interface 114, and chan 
nels of the bus signal may be subject to a settling time after 
undergoing a transition from a value of one (1) to Zero (0) or 
Vice versa. However, since the bus signal is configured to have 
fewer simultaneous channel transitions, the bus signal is Sub 
ject to shorter settling times than the corresponding control 
signal. After the optical pickup unit 400 receives the bus 
signal over the interface 114, the bus signal is amplified and 
sent to the signal decoder 404, which translates 815 the bus 
signal back into a control signal. As described with reference 
to FIG. 4, the signal decoder 404 may use a lookup table 406 
to translate 815 the bus signal back into the control signal. 
The current generators 410 and the current adder 414 oper 

ate together to generate 820 the driver current based on the 
control signal generated by the signal decoder 404. As 
described with reference to FIGS. 4 and 6B, channels of the 
control signal are used to operate the current generators 410. 
and the current adder 414 sums the outputs 412 of the current 
generators to generate the driver current 416 for the laser 
diode 418. 
Formulating the Improved Protocol 

FIG. 9 is a flow chart illustrating an example process for 
formulating the control signal to bus signal mapping that is 
used in the improved transmission protocol, according to one 
embodiment. The process begins by compiling the data write 
schemes that will be used and determining 900 all possible 
power level transitions that will occur in the write schemes. 
After all possible power level transitions are determined 900, 
a bus signal bit pattern is assigned 905 to one of the power 
levels. In this first assignment, an arbitrary bus bit pattern may 
be assigned to an arbitrary power level. For example, a bus bit 
pattern of binary 1000 may be assigned to the power level PR, 
as shown in FIGS. 6A and 7A. 

After abus bit pattern has been assigned 905 to a first power 
level, a bus bit pattern is assigned 910 to power levels adjacent 
to the first power level. For the write schemes shown in FIGS. 
7A-7D, the power levels of P1 and PC are adjacent to PR, so 
bus bit patterns would be assigned to those two power levels 
next. To assign 910 a bus bit pattern to an adjacent power 
level, one bit of the bus bit pattern for the first power level is 
flipped. For example, a bus bit pattern for power level P1 (i.e., 
binary 1001) was assigned by flipping the least significant bit 
of the bus bit pattern for power level PR (i.e., binary 1000) 
from Zero (0) to one (1). Similarly, a bus bit pattern for power 
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level PC (i.e., binary 1010) was assigned by flipping the third 
bit of binary 1000 from zero (0) to one (1). 

The process continues by determining 915 whether a bus 
bit pattern has been assigned to every power level in each 
write scheme. If bus bit patterns have not been assigned to 
Some power levels, then bus bit patterns are assigned to the 
power levels adjacent to the power levels that were most 
recently assigned bus bit patterns. For example, if bus bit 
patterns were most recently assigned to power levels P1 and 
PC, then bus bit patterns would next be assigned to the power 
levels adjacent to P1 and PC. In FIGS. 7A-7D, the power level 
PF is adjacent to P1, so a bus bit pattern would be assigned to 
PF. Similarly, the power level of PL is adjacent to PC, so a bus 
bit pattern would also be assigned to PL. During this process, 
more than one bus bit pattern may be assigned to the same 
power level to reduce the number of transitions that occur 
between adjacent power levels. For example, after a bus bit 
pattern of binary 0011 was assigned to PC in FIG. 7A, a 
second bus bit pattern of binary 0001 was assigned to PR. 
This is beneficial because there is only one signal channel 
transition between 0011 and 0001, whereas there would be 
three signal channel transitions if the previously-assigned bus 
bit pattern of 1000 was used for P. Although the goal of this 
process is to create a bus bit pattern mapping that results in 
only one transition in the bus signal between consecutive 
power levels, the process may also formulate a mapping that 
results in two or more transitions between some consecutive 
power levels if there are too many power levels or if the data 
write schemes are more complicated. 

If the process determines that a bus bit pattern has been 
assigned to every power level in every data write scheme, then 
a mapping is generated 920 between the bus bit patterns and 
the control signals corresponding to the power levels. This 
mapping can Subsequently be programmed into the lookup 
tables 406, 508 in the signal decoder 404 and signal encoder 
508, respectively. 

In alternative embodiments, a different process may be 
used to generate the mapping from bus bit patterns to control 
bit patterns. For example, instead of starting the process by 
determining all possible power level transitions, the process 
may determine all power level transitions for a first data write 
scheme, generate a mapping based on the first data write 
scheme, and extend the mapping to the other data write 
schemes by mapping additional bus bit patterns to power 
levels as needed. 
Additional Considerations 

Although the above examples were described with refer 
ence to data write schemes, the same principle may be 
employed for data read schemes where data are retrieved 
from an optical medium. Further, although the above 
examples were described with reference to bus signals trans 
mitted between a controller 500 and an optical pickup unit 
400, the transmission protocol described herein may be 
applied to transmission of data in other electronic devices. 

Embodiments described herein reduce the number of bits 
transitioned simultaneously in control signals sent over an 
interface 114. In this way, the skew or distortion of the control 
signals is reduced. The reduction of skew or distortion of the 
control signals allow faster data transfer and improved per 
formance of the optical data storage system. 

Although the present invention has been described above 
with respect to several embodiments, various modifications 
can be made within the scope of the present invention. 
Accordingly, the disclosure of the present invention is 
intended to be illustrative, but not limiting, of the scope of the 
invention, which is set forth in the following claims. 
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12 
What is claimed is: 
1. An electronic device comprising: 
a first component configured to: 

generate a first sequence of bit patterns, the first 
sequence of bit patterns configured to control opera 
tion of a second component of the electronic device; 

generate a second sequence of bit patterns mapped to the 
first sequence of bit patterns, wherein each bit pattern 
in the second sequence is mapped to a bit pattern in the 
first sequence, and whereinfewer bits are transitioned 
between each pair of adjacent bit patterns in the sec 
ond sequence than between the corresponding pair of 
adjacent bit patterns in the first sequence; and 

transmit the second sequence of bit patterns to the sec 
ond component of the electronic device over a wired 
connection; and 

a second component operatively connected to the first com 
ponent via the wired connection and configured to: 
receive the second sequence of bit patterns from the first 
component of the electronic device over the wired 
connection; 

translate the second sequence of bit patterns into a third 
sequence of bit patterns, wherein each bit pattern in 
the second sequence is translated into a corresponding 
bit pattern in the third sequence, and wherein more 
bits are transitioned between each pair of adjacent bit 
patterns in the third sequence than between the corre 
sponding pair of adjacent bit patterns in the second 
sequence; and 

control operation of the second component based on the 
third sequence of bit patterns. 

2. The electronic device of claim 1, wherein the first 
sequence of bit patterns is identical to the third sequence of bit 
patterns. 

3. The electronic device of claim 1, wherein at most one bit 
is transitioned between each pair of adjacent bit patterns in the 
Second sequence. 

4. The electronic device of claim 1, wherein the second 
component is configured to reference a lookup table to trans 
late the second sequence of bit patterns into the third sequence 
of bit patterns, the lookup table comprising a list of mappings 
from a bit pattern in the second sequence to the corresponding 
bit pattern in the third sequence. 

5. The electronic device of claim 1, wherein controlling 
operation of the second component comprises using each bit 
pattern in the third sequence to cause the second component 
to generate a laser beam at a power level specified by the bit 
pattern. 

6. A first component of an electronic device, the component 
configured to: 

generate a first sequence of bit patterns, the first sequence 
of bit patterns configured to perform operation of a sec 
ond component of the electronic device; 

generate a second sequence of bit patterns mapped to the 
first sequence of bit patterns, wherein each bit pattern in 
the second sequence is mapped to a bit pattern in the first 
sequence, and wherein fewer bits are transitioned 
between each pair of adjacent bit patterns in the second 
sequence than between the corresponding pair of adja 
cent bit patterns in the first sequence; and 

transmit the second sequence of bit patterns to the second 
component of the electronic device overa wired connec 
tion. 

7. The component of claim 6, wherein at most one bit is 
transitioned between each pair of adjacent bit patterns in the 
Second sequence. 
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8. A component of an electronic device, the component 
configured to: 

receive a first sequence of bit patterns; 
translate the first sequence of bit patterns into a second 

sequence of bit patterns, wherein each bit pattern in the 
first sequence is mapped to a bit pattern in the second 
sequence, and wherein fewer bits are transitioned 
between each pair of adjacent bit patterns in the first 
sequence than between the corresponding pair of adja 
cent bit patterns in the second sequence; and 

control operation of the component based on the second 
sequence of bit patterns. 

9. The component of claim 8, wherein at most one bit is 
transitioned between each pair of adjacent bit patterns in the 
first sequence. 

10. The component of claim 8, wherein the component is 
configured to reference a lookup table to translate the first 
sequence of bit patterns into the second sequence of bit pat 
terns, the lookup table comprising a list of mappings from a 
bit pattern in the first sequence to the corresponding bit pat 
tern in the second sequence. 

11. The component of claim 8, wherein controlling opera 
tion of the component comprises using each bit pattern in the 
second sequence to cause the component to output a laser 
beam at a power level specified by the bit pattern. 
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12. A method of operating a component of an electronic 

device, the method comprising: 
receiving a first sequence of bit patterns; 
translating the first sequence of bit patterns into a second 

sequence of bit patterns, wherein each bit pattern in the 
first sequence is mapped to a bit pattern in the second 
sequence, and wherein fewer bits are transitioned 
between each pair of adjacent bit patterns in the first 
sequence than between the corresponding pair of adja 
cent bit patterns in the second sequence; and 

controlling operation of the component based on the sec 
ond sequence of bit patterns. 

13. The method of claim 12, wherein at most one bit is 
transitioned between each pair of adjacent bit patterns in the 
first sequence. 

14. The method of claim 12, wherein translating the first 
sequence of bit patterns into the second sequence of bit pat 
terns comprises referencing a lookup table, the lookup table 
comprising a list of mappings from a bit pattern in the first 
sequence to the corresponding bit pattern in the second 
Sequence. 

15. The method of claim 12, wherein controlling operation 
of the component comprises using each bit pattern in the 
second sequence to generate a laser beam at a power level 
specified by the bit pattern. 
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